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(57) ABSTRACT 

A charging/discharging controller (2) for a secondary battery 
(10) including means for determining whether a request for 
continuous charging/discharging for the secondary battery 
(10) exists, means for setting a continuous charging/discharg 
ing electrical power for the secondary battery (10) within a 
range Smaller than the limited charging/discharging electrical 
power that is determined periodically or at each point in time 
according to a battery condition of the secondary battery (10), 
and means for controlling at least one of the power generated 
by the electric generating means and the power consumed by 
the loading means so that electrical power charging/discharg 
ing the secondary battery (10) is the continuous charging/ 
discharging electrical power set by the setting means, when 
the request for continuous charging/discharging is deter 
mined to exist by the determining means. The controller (2) 
inhibits the excessive variation of voltage of the secondary 
battery (10) when the charging/discharging of the secondary 
battery (10) continues over a comparatively long period of 
time, such the time needed to warm the secondary battery 
(10). 
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CONTROLLER AND CONTROL METHOD 
FOR CHARGING OF THE SECONDARY 

BATTERY 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a charging/dis 
charging controller for a secondary battery and method for 
controlling the charging and discharging of the secondary 
battery, and particularly to a controller and a controlling 
method that raises the temperature by charging/discharging a 
secondary battery at a low temperature. 
0003 2. Description of the Related Art 
0004. A secondary battery is mounted aboard, for 
example, hybrid vehicle or a fuel cell vehicle that generates 
electricity while running. In a hybrid vehicle, electrical power 
stored in the secondary battery is converted to drive power by 
an electrical motor, and the drive power alone or the drive 
power combined with the drive power generated by an engine 
is transmitted to the wheels. In a fuel cell vehicle, depending 
upon the running condition, in addition to the electrical power 
generated by the fuel cell, electrical power stored in the sec 
ondary battery is applied to the electrical motor, and drive 
force generated by the electrical motor is transmitted to the 
wheels. 
0005 Because a secondary battery stores electrical energy 
by a chemical action, the charging/discharging characteristics 
vary particularly greatly in response to environmental condi 
tions, specifically to the temperature. In particular, at a low 
temperature the reactivity of the chemical action decreases 
greatly, so that it is not possible to exhibit the usual perfor 
mance. For example, if secondary battery capable of Supply 
ing approximately 21 kW of electrical power in the optimal 
temperature range from 20°C. to 40°C. is used at 0°C., it can 
supply only approximately 5 kW. 
0006 For this reason, on early winter mornings or in cold 
regions, because the secondary battery is at a low tempera 
ture, there is the problem of not being able to supply the 
required electrical power and not being able to start and 
accelerate Smoothly. Given this, as disclosed in the Japanese 
Patent Application Publication No.JP-A-2000-92614, there 
is a known device that performs control so that forced charg 
ing/discharging of the secondary battery within a prescribed 
charging/discharging range and the resistive heat that is gen 
erated brings the secondary battery to a prescribed tempera 
ture, when the temperature of the secondary battery is lower 
than a prescribed temperature. 
0007 Also, the Japanese Patent Application Publication 
No. JP-A-2003-272712 describes a device in which the 
charging condition of a battery is repeatedly charged and 
discharged within a prescribed range when the battery tem 
perature is below a prescribed value. Additionally, Japanese 
Patent Application Publication No. JP-A-2003-274565 
describes a device that causes a secondary battery to generate 
heat by alternatively causing operation of an electrical gen 
erating means that charges an electrical storage section 
including a secondary battery and a discharging means that 
discharges electrical power from the storage section. 
0008. There has also been description of a device that 
actively charges a secondary battery to raise the temperature 
of the secondary battery, without restriction to the repeated 
charging/discharging conditions in Japanese Patent Applica 
tion Publication No. JP-A-2000-92614, Japanese Patent 
Application Publication No. JP-A-2003-272712, and Japa 
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nese Patent Application Publication No.JP-A-2003-274565. 
For example, Japanese Patent Application Publication No. 
JP-A-7-79503 describes a device that raises the output volt 
age of an electrical generatorin response to the temperature of 
a secondary battery, to promote generation of heat by charg 
ing resistance. Also, Japanese Patent Application Publication 
No.JP-A-2000-40532 describes a device that sets a high SOC 
(state of charge) to charge the secondary battery and to pro 
mote warmup thereof when the temperature of the engine 
coolant is low. 
0009. In order to improve the charging/discharging per 
formance of a secondary battery, secondary batteries are gen 
erally designed to have a small internal resistance. For this 
reason, as described in JP-A-2000-92614, JP-A-2003 
272712, JP-A-2003-274565, JP-A-7-79503, and JP-A-2000 
40532, the warming operation of the secondary battery rely 
ing on Joule heat in the internal resistance by repeated 
charging and discharging or active charging, the amount of 
heat generated per unit time is not that large. The completion 
of the warming operation up to a normal operating tempera 
ture therefore requires a comparatively long time, for 
example approximately several minutes to between 10 and 20 
minutes. 
0010. In order to protect the secondary battery there is a 
limitation of the charging/discharging electrical power of the 
secondary battery to a charging/discharging electrical power 
limit determined from the standpoint of the chemical reaction 
in accordance with state of charge of the secondary battery at 
various points in time. In the usual warming operation, in 
order to shorten the warming time, the charging/discharging 
electrical power is set to coincide with the limited charging/ 
discharging electrical power. 
0011 When continuous charging/discharging of a second 
ary battery is performed within the limited charging/dis 
charging electrical power, however, there were cases in which 
the polarization action occurring at the electrodes became 
large, so that an excessive Voltage variation (voltage increase 
or Voltage decrease) occurred in the output Voltage of the 
secondary battery as a result of the polarization action. When 
Such an excessive Voltage variation occurs in the output volt 
age of a secondary battery, this variation affects an inverter or 
electrical motor connected to the secondary battery, thereby 
causing the problem of a decrease in running performance. 

SUMMARY OF THE INVENTION 

0012. The present invention provides a charging/discharg 
ing controller for a secondary battery that inhibits an excess 
variation of Voltage of the secondary battery when the charg 
ing/discharging of the secondary battery continues over a 
comparatively long period of time, Such as the period of time 
of a warming operation. 
0013 The first aspect of the invention is a charging/dis 
charging controller for a secondary battery in a system having 
a rechargeable secondary battery, electrical generating means 
connected to the secondary battery to generate electrical 
power, and loading means connected to the secondary battery 
that consumes electrical power. The charging/discharging 
controller for the secondary battery according to this aspect 
has means for determining whether or not a request for con 
tinuous charging/discharging for the secondary battery exists, 
means for setting a continuous charging/discharging electri 
cal power for continuously charging/discharging the second 
ary battery within a range Smaller than the limited charging/ 
discharging electrical power to be set periodically or at each 
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point in time according to a battery condition of the secondary 
battery, and means for controlling at least one of the power 
generated by the electric generating means and the power 
consumed by the loading means so that electrical power 
charging/discharging the secondary battery is the continuous 
charging/discharging electrical power set by the setting 
means, when the request for continuous charging/discharging 
is determined to exist by the determining means. 
0014. According to this aspect the continuous charging/ 
discharging electrical power for continuously charging/dis 
charging the secondary battery is set Smaller than the limited 
charging/discharging electrical power that is determined peri 
odically or at each point in time according to a battery con 
dition of the secondary battery when determining means 
determines that a request for continuous charging/discharg 
ing exists. The secondary battery is then continuously 
charged/discharged using the set continuous charging/dis 
charging electrical power. By doing this, compared with the 
case in which the secondary battery is continuously charged/ 
discharged using the limited charging/discharging electrical 
power that is the limited value in short time, a polarization 
action that occurs in the electrode can be inhibited, because 
the current flowing in the electrode is small. 
00.15 Even if the charging/discharging of the secondary 
battery then continues for a comparatively long period of 
time, the Voltage variation in an output of the secondary 
battery can be inhibited. 
0016. The setting means may set the limited charging/ 
discharging electrical power so as not to exceed the value 
obtained by multiplying the limited charging/discharging 
electrical power by a prescribed derating constant. 
0017. This aspect may further include a battery tempera 
ture sensor, which determines the temperature of the second 
ary battery, and the determining means may determine that 
the request for continuous charging/discharging exists if the 
battery temperature sensor indicates that the temperature of 
the secondary battery is below a prescribed value. 
0018. This aspect may further include a state of charge 
(SOC) acquisition means for determining the SOC of the 
secondary battery, and a charging/discharging Switching 
means for deciding whether to execute charging or discharg 
ing of the secondary battery so that the SOC of the battery is 
or is maintained within an acceptable range, and, the deter 
mining means may determine a continuous charging electri 
cal powerfor continuously charging the secondary battery, or 
a continuous discharging electrical power for continuously 
discharging the secondary battery according to charging or 
discharging as decided by the charging/discharging Switch 
ing means. 
0019. The second aspect of the invention relates to a 
method of controlling the charging/discharging of the sec 
ondary battery. The method of controlling the charging/dis 
charging of the secondary battery includes the steps of deter 
mining whether or not a request for continuous charging/ 
discharging for a rechargeable secondary battery exists; 
0020 setting a continuous charging/discharging electrical 
power for continuously charging/discharging the secondary 
battery within a range Smaller than the limited charging/ 
discharging electrical power to be set according to a battery 
condition of the secondary battery at each point in time; and 

0021 controlling at least one of a power generated by an 
electric generating means, which is connected to the 
secondary battery to generate electrical power, and a 
power consumed by a loading means, which is con 
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nected to the secondary battery to consume electrical 
power, so that the electrical power charging/discharging 
the secondary battery is the continuous charging/dis 
charging electrical power set by the setting step, when 
the request for continuous charging/discharging is deter 
mined to exist. 

0022. In a similar fashion, a third aspect of the invention 
relates to a charging/discharging controller for a secondary 
battery in a system, comprising a determining apparatus that 
determines whether a request for continuous charging/dis 
charging for a rechargeable secondary battery exists; a setting 
apparatus that sets a continuous charging/discharging electri 
cal power for continuously charging/discharging the second 
ary battery within a range Smaller than the limited charging/ 
discharging electrical power to be determined according to a 
battery condition of the secondary battery at each point in 
time; and a controller that controls at least one of a power 
generated by an electric generator, which is connected to the 
secondary battery to generate electrical power, and a power 
consumed by a loading apparatus, which is connected to the 
secondary battery to consume electrical power, so that the 
electrical power charging/discharging the secondary battery 
is the continuous charging/discharging electrical power set by 
the setting apparatus, when the request for continuous charg 
ing/discharging is determined to exist by the determining 
apparatus. 
0023 The present invention achieves a charging/discharg 
ing controller for a secondary battery that is capable of inhib 
iting an excess variation of Voltage of the secondary battery 
when the charging/discharging of the secondary battery con 
tinues during comparative long period. Such as the time of 
temperature raising operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The foregoing and further objects, features, and 
advantages of the invention will become apparent from the 
following description of preferred embodiments with refer 
ence to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 
0025 FIG. 1 is a simplified configuration drawing of a 
vehicle aboard which is installed a charging/discharging con 
troller for a secondary battery according to an embodiment of 
the present invention; 
0026 FIG. 2 is a simplified configuration of the main parts 
of the charging/discharging controller for the secondary bat 
tery according to an embodiment of the present invention; 
0027 FIG. 3 is a drawing for showing an example of a 
limited charging/discharging electrical power of the second 
ary battery according to an embodiment of the present inven 
tion at a specific temperature; 
0028 FIG. 4A and FIG. 4B are drawings for describing 
cases in which the temperature is raised by continuously 
charging the secondary battery 10; 
(0029 FIG.5A and FIG.5B are flowcharts for describing a 
processing flow of determining a continuous charging/dis 
charging electrical power; 
0030 FIG. 6A, FIG. 6B and FIG. 6C are drawings for 
describing an example of time waveforms at various parts 
accompanying an operation of raising the temperature for the 
case in which the derating constant is C=1; and 
0031 FIG. 7A, FIG. 7B and FIG. 7C are drawings for 
describing an example of time waveforms at various parts 
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accompanying an operation of raising the temperature for the 
case in which the derating constant is C. 0.5. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032 Preferred embodiments of the present invention are 
described below, with references made to the accompanying 
drawings. Elements that are the same or similar are assigned 
the same reference numerals in the drawings, and are not 
repeatedly described. 
0033 FIG. 1 shows a simplified configuration of a vehicle 
100 aboard which is installed a charging/discharging control 
ler for a secondary battery according to an embodiment of the 
present invention. 
0034. The vehicle 100 is an example of a hybrid vehicle 
that has an engine ENG and motor generators MG1 and MG2. 
The vehicle 100 includes the engine ENG, a power split 
device 6, a speed reducer 18, wheels 20, a power control unit 
PCU, an electrical storage apparatus 4, a controller 2, and 
motor generators MG1 and MG2. 
0035. The engine ENG combusts a gas mixture of fuel and 
air and causes a crankshaft (not illustrated) to rotate, thereby 
generating drive power. The drive power generated by the 
engine ENG is divided into two paths by the drive power split 
device 6. One path drives the wheels 20, via the speed reducer 
18 and the other path drives the motor generator MG1 to 
generate electricity. 
0036) The power control unit PCU is electrically con 
nected to the first motor generator MG1, the second motor 
generator MG2, and the electrical storage apparatus 4, and 
performs the mutual exchange and conversion of electrical 
power, in response to a command from the controller 2. The 
power control unit PCU includes a voltage converter DC/DC 
and an inverter INV. The voltage converter DC/DC converts 
DC electrical power supplied from the electrical storage 
apparatus 4 to a prescribed Voltage and Supplies the Voltage to 
the inverter INV. and converts the DC electrical power sup 
plied from the inverter INV to a prescribed voltage and Sup 
plies the Voltage to the electrical storage apparatus 4. The 
inverter INV converts the DC electrical power supplied from 
the voltage converter DC/DC to AC electrical power and 
performs exchange of the AC electrical power with the motor 
generator MG1 and the motor generator MG2. 
0037. The electrical storage apparatus 4 is electrically 
connected to the power control unit PCU, stores DC electrical 
power supplied from the power control unit PCU and supplies 
stored electrical power to the power control unit PCU. The 
electrical storage apparatus 4 includes a secondary battery 
that is formed as a group of a plurality of battery cells con 
nected in series. As described later, the electrical storage 
apparatus 4 outputs the temperature, the current value, and the 
voltage value and the like of the secondary battery to the 
controller 2. 

0038. The motor generators MG1 and MG2 are, for 
example, three-phase AC rotating electrical machines. The 
second motor generator MG2 is disposed the same rotating 
shaft as the engine ENG and the drive power split device 6, 
and exchanges drive power between the engine ENG and the 
wheels 20. The motor generator MG1 receives the engine 
drive power that is divided by the drive power split device 6. 
Although both the motor generators MG1 and MG2 can func 
tion as both motors and electrical generators, in the vehicle 
100 according to this embodiment of the present invention, 
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the motor generator MG1 functions as an electrical generator 
and the motor generator MG2 functions as an electrical 
motor. 

0039. By executing a previously stored program the con 
troller 2 performs calculations based on signals transmitted 
by sensors (not illustrated), the running condition, rate of 
change in the accelerator angle, the SOC of the electrical 
storage apparatus 4, and a stored map or the like. By doing 
this, the controller 2, in response to operations by a driver, 
controls circuitry and equipment installed aboard the vehicle 
100 to achieve a prescribed operating condition of the vehicle 
100. As part of this control, when performing chive and 
regenerative braking of the vehicle 100, respectively, the con 
troller 2 applies a prescribed command to the power control 
unit PCU to switch the operation of the motor generators 
MG1 and MG2. 
0040. As an example, when driving the vehicle 100, the 
motor generator MG2 receives AC power supplied from the 
power control unit PCU and generates drive power. When this 
is done, the drive power generated by the motor generator 
MG2 is transmitted to the wheels 20 via the speed reducer 18. 
Additionally, the engine ENG is switched between the oper 
ating and stopped conditions in response to the running con 
dition. The vehicle 100, therefore, receives drive power from 
at least one of the motor generator MG2 and the engine ENG. 
A part of the electrical power generated by the motor genera 
tor MG1, after conversion to DC power by the power control 
unit PCU, is stored in the electrical storage apparatus 4, and 
the other part is supplied to the motor generator MG2 via the 
power control unit PCU. 
0041. During regenerative braking of the vehicle 100, the 
motor generator MG2 is driven by the wheels 20 via the speed 
reducer 18 and operates as an electrical generator. That is, the 
motor generator MG2 operates as a regenerative brake that 
converts braking energy to electrical power. The electrical 
power generated by the motor generator MG2, after conver 
sion to DC electrical power by the power control unit PCU, is 
stored in the electrical storage apparatus 4. 
0042. The term regenerative braking as used herein 
includes braking accompanied by regenerative braking in the 
case of a brake pedal operation by the driver of the hybrid 
vehicle, and also includes speed reduction (or stopping of 
acceleration) while performing regenerative braking by set 
ting the acceleratorpedal to off during running, without oper 
ating the brake pedal. 
0043. Additionally, the controller 2 judges whether or not 
a continuous charging/discharging request has been made for 
the electrical storage apparatus 4 that includes a secondary 
battery 10 exists and, if the judgment is made that a continu 
ous charging/discharging request exists, determines the con 
tinuous charging/discharging electrical power for charging/ 
discharging the secondary battery 10 continuously, so that it 
is Smaller than the charging/discharging electrical power 
limit. The term continuous charging/discharging electrical 
power used herein includes the continuous charging electrical 
power #WIN for continuous charging and the continuous 
discharging electrical power #WOUT for continuous dis 
charging. 
0044. The controller 2 controls at least one of the electrical 
power generated by and consumed by the motor generators 
MG1 and MG2 so that the electrical power that is continu 
ously charged to and discharged from the secondary battery 
10 is the determined continuous charging/discharging elec 
trical power. At the same time, the controller 2 calculates the 
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output required from the engine ENG and issues an rpm 
command to the engine ENG, based on the electricity gener 
ated by and consumed by the motor generators MG1 and 
MG2. That is, the controller 2 generally increases the engine 
output when the secondary battery is being charged, and 
decreases the engine output when the secondary battery is 
being discharged. 
0045. The charging/discharging control of the secondary 
battery in this embodiment of the present invention is imple 
mented by execution of a program previously stored by the 
controller 2. 
0046. As an example of continuous charging/discharging 
of the secondary battery 10, in this embodiment of the present 
invention, if the temperature of the secondary battery 10 is 
lower than the minimum value ideal for operation (minimum 
operating temperature), the temperature of the secondary bat 
tery 10 is raised to the minimum operating temperature by 
Joule heat from the internal resistance when continuously 
charging/discharging the secondary battery 10. 
0047 FIG. 2 is a simplified configuration drawing show 
ing the main parts of the charging/discharging controller for a 
secondary battery according to this embodiment of the 
present invention. 
0048. The electrical storage apparatus 4 is electrically 
connected to the power control unit PCU and exchanges DC 
electrical power with the power control unit PCU. The elec 
trical storage apparatus 4 has a secondary battery 10, a Voltage 
value detector 14 that detects the voltage value at an output 
terminal of the secondary battery 10, a current value detector 
16 that detects the value of current flowing into and out of the 
secondary battery 10, and temperature sensors 12 that detect 
the temperature of each cell of the secondary battery 10. 
Batteries that may be suitably used as a secondary battery 
include, for example, lithium ion batteries and nickel hydro 
gen batteries. 
0049. An example of the controller 2 is an ECU (electrical 
control unit), which includes a CPU (central processing unit) 
7, a memory 8 that is RAM (random access memory) or a 
ROM (read only memory) or the like. If the temperature of the 
secondary battery 10 acquired from the temperature sensors 
12 is below the minimum operating temperature, the control 
ler 2, in response to the SOC of the secondary battery 10, 
charges or discharges the secondary battery 10 continuously. 
0050. In a typical hybrid vehicle, it is necessary to main 
tain a condition in which, in response to an operation by the 
driver, driving electrical power can be supplied to the motor 
generator MG2 and regeneratively generated electrical power 
from the motor generator MG1 can be stored in the electrical 
storage apparatus 4. To do that, the charging/discharging 
electrical power of the secondary battery 10 is controlled so 
that the SOC thereof is within an acceptable range (for 
example, 40% to 60%). This being this case, if the SOC of the 
secondary battery 10 is below the lower limit value of an 
acceptable SOC range (SOC lower limit value) the secondary 
battery 10 is continuously charged with the continuous charg 
ing electrical power #WIN (hereinafter “charging mode’) and 
if the SOC of the secondary battery 10 is above the upper limit 
value of an acceptable SOC range (SOCupper limit value) the 
secondary battery 10 is continuously discharged with the 
continuous discharging electrical power #WOUT (hereinaf 
ter "discharging mode'). 
0051. That is, if the electrical power generated by the 
motor generator MG1 is P1 kW (with generated power 
taken as a positive value) and the electrical power consumed 
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by the generation of driving power by the motor generator 
MG2 is P2 kW (with consumed power taken as a positive 
value), when there is no loss in the power control unit PCU the 
charging electrical powerPC kW that charges the secondary 
battery 10 is Pc kW=P1-P2 (where P1 >P2), and the dis 
charging electrical power discharged from the secondary bat 
tery 10 is Pd kW=P2-P1 (where P2DP1). 
0052. In the charging mode, the controller 2 issues a 
torque command and an rpm command and the like to the 
power control unit PCU so that the charging electrical power 
Pc is the continuous charging electrical power #WIN, and 
controls at least one of the electrical powers P1 and P2 of the 
motor generators MG1 and MG2. 
0053. In the discharging mode, however, the controller 2 
issues a torque command and an rpm command and the like to 
the power control unit PCU so that the discharging electrical 
power Pd is the continuous discharging electrical power 
#WOUT, and controls at least one of the electrical powers P1 
and P2 of the motor generators MG1 and MG2. 
0054 If the vehicle 100 is moving, it is necessary to gen 
erate drive power for the vehicle 100 that is required by an 
operation made by a driver, that is, drive power that is trans 
mitted to the wheels 20 via the speed reducer 18 (FIG. 1). For 
this reason, the controller 2 determines the overall total of the 
drive power generated by the motor generator MG2 and the 
drive power generated by the engine ENG and the ratio ther 
ebetween, based on a pre-determined map or the like, and to 
both issue torque and rpm commands to the power control 
unit PCU and issue an rpm command to the engine ENG. 
0055. In a configuration in which the SOC of the second 
ary battery 10 is acquired, various known art can be used. One 
example is that of the controller 2 deriving the open-circuit 
voltage OCV of the secondary battery 10 at each point in time 
from the Voltage value and the current value detected, respec 
tively, from the voltage value detector 14 and current value 
detector 16, and applying this open-circuit voltage OCV to 
charging/discharging characteristics that show the relation 
ship between the SOC and the open-circuit voltage OCV at a 
reference condition of the secondary battery 10 measured 
experimentally beforehand, thereby acquiring the SOC of the 
secondary battery 10. Additionally, the SOC acquired based 
on the reference charging/discharging characteristics may be 
corrected, using an accumulated value of the input and output 
currents of the secondary battery 10. Because a configuration 
that acquires the SOC in this manner is known, it is not 
described herein. 

0056 FIG. 3 shows an example of a limited charging/ 
discharging electrical power of the secondary battery 10 at a 
specific temperature. 
0057 Referring to FIG.3, in the secondary battery 10, the 
charging electrical power limit WIN and discharging electri 
cal power limit WOUT, which are short-term limit values at 
each point in time, are determined in response to the limit of 
the chemical reaction of the secondary battery 10. The term 
charging/discharging electrical power limit used herein 
includes the charging electrical power limit WIN and the 
discharging electrical power limit WOUT. 
0058. The charging electrical power limit WIN and the 
discharging electrical power limit WOUT are determined in 
accordance with the SOC of the secondary battery 10. In the 
case of a lithium ion battery, for example, these are deter 
mined so that the upper Voltage limit and lower Voltage limit 
for each cell are 4.2 V and 3.0 V, respectively. Also, the 
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charging/discharging electrical power limit varies greatly 
depending upon the temperature of the battery. 
0059 For this reason, the controller 2 stores a map of the 
charging/discharging power limit that is defined by the SOC 
and the battery temperature of the secondary battery 10 
acquired experimentally beforehand, and acquires the charg 
ing/discharging electrical power limit for each point in time, 
based on the acquired SOC and the battery temperature. The 
controller 2 limits the charging electrical power and the dis 
charging electrical power of the secondary battery 10 so that 
the charging/discharging electrical power limit is not 
exceeded. The map that defines the charging/discharging 
electrical power limit may be made to include a parameter 
other than the SOC and the battery temperature, such as the 
degree of deterioration of the secondary battery 10. 
0060. Because the charging/discharging electrical power 
limit is a short-term limit value at each point in time, if the 
secondary battery 10 is continuously discharged with no par 
ticular limitation in the range of the charging/discharging 
electrical power limit, a large polarization action occurs, and 
there is an excessive variation in the output Voltage of the 
secondary battery. 
0061 FIG. 4A and FIG. 4B describe the change in the 
cases in which the secondary battery 10 is continuously 
charged at the charging electrical power limit accompanying 
the elapse of time. 
0062 FIG. 4A shows the change in the SOC of the sec 
ondary battery 10 over time. FIG. 4B shows the change in the 
output voltage of the secondary battery 10 over time. 
0063. If the secondary battery 10 is continuously charged 
at the charging electrical power limit WIN, the SOC of the 
secondary battery 10 monotonically increases with an 
increase in the charging time. 
0064. With an increase in the SOC of the secondary bat 
tery 10, as shown in FIG. 4A, the output voltage of the 
secondary battery 10 theoretically increases in accordance 
with a reference charging/discharging characteristic (theo 
retical value). However, the output voltage actually exhibited 
by the secondary battery 10, as shown in FIG. 4B, sometimes 
shows an excessive increase in Voltage in comparison to the 
theoretical value. This is thought to be due to a continuous 
charging power (charging current) over a long period of time, 
there is a large polarization action that occurs. 
0065. In contrast, if the secondary battery 10 is continu 
ously discharged at the discharging electrical power limit 
WOUT, there are cases in which the output voltage of the 
secondary battery 10 shows an excessive voltage drop relative 
to the theoretical value. With regard to this phenomenon as 
well, it is thought that the cause is that, because of a continu 
ous discharging power (discharging current) over a long 
period of time, there is a large polarization action that occurs. 
0066. In this manner, even when the charging electrical 
power and the discharging electrical power are limited to the 
charging/discharging electrical power limits at each point in 
time, there are cases in which an excessive variation in Volt 
age occurs. This is because, for the purpose of protecting the 
secondary battery 10, the charging/discharging electrical 
power limits are determined as “short-term limit values 
based on the battery condition at each point in time, which 
does not take into consideration continuous charging and 
discharging. 
0067 Given this, the controller 2 according to this 
embodiment of the present invention determines the continu 
ous charging/discharging electric power to be smaller than 
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the charging/discharging electrical power limit in the case in 
which there is a continuous charging/discharging request for 
charging/discharging of the secondary battery 10, Such as 
when raising the temperature of the secondary battery 10. 
Specifically, the controller 2 determines the continuous 
charging/discharging electrical power so as not to exceed a 
value of derated electrical power obtained by multiplying the 
charging/discharging electrical power limit at each point in 
time by a prescribed derating constant C. (where 0<C.<1). 
0068 FIG. 5A and FIG. 5B are flowcharts showing the 
process related to determining the continuous charging/dis 
charging electrical power. 
0069. As an example in which there is a continuous charg 
ing/discharging request for the secondary battery 10, in the 
case in which the temperature of the secondary battery 10 is 
lower than the minimum value of the optimal operation tem 
perature (minimum operating temperature), the controller 2 
determines whether there is the need to raise the temperature 
of the secondary battery 10. The controller 2 first acquires the 
temperature of the secondary battery 10 from the temperature 
sensors 12 (step S100). Then the controller 2 determines 
whether the acquired battery temperature is below the mini 
mum operating temperature, in order to determine whether it 
is necessary to raise the temperature of the secondary battery 
10 (step S102). 
0070 If the battery temperature is below the minimum 
operating temperature (YES at step S102), the controller 2 
determines that a continuous charging/discharging request 
exists for the secondary battery 10, and acquires the SOC of 
the secondary battery 10 (step S104). The controller 2 then 
determines whether the SOC of the secondary battery 10 is 
below the SOC lower limit value (step S106). 
(0071. If the SOC of the secondary battery 10 is below the 
SOC lower limit value (YES at step S106), the controller 2 
transitions to the “charging mode' to continuously charging 
the secondary battery 10 (step S108). 
(0072. If the SOC of the secondary battery 10 is at or above 
the SOC lower limit value (NO at step S106), the controller 2 
determines whether the SOC of the secondary battery 10 
exceeds the SOC upper limit value (Step S110). 
(0073. If the SOC of the secondary battery 10 exceeds the 
SOC upper limit value (YES at step S110), the controller 2 
transitions to the “discharging mode' to continuously dis 
charging the secondary battery 10 (step S112). 
(0074. If the SOC of the secondary battery 10 is at or above 
the SOC lower limit value (NOatstep S106) and also does not 
exceed the SOC upper limit value (NO at Step S110), the 
controller 2 maintains the currently selected mode (step 
S113). For example, immediately after the ignition is 
Switched on, because there are cases in which the mode 
selected by the controller 2 is indeterminate, one or the other 
mode (for example, the charging mode) may be pre-selected 
as the initialized value. 

0075. The controller 2 then calculates the continuous 
charging/discharging electrical power (provisional value) for 
the secondary battery 10 (step S114). The provisional value of 
the continuous charging/discharging electrical power is 
determined in accordance with, for example, the difference 
between the battery temperature of the secondary battery 10 
and the minimum operating temperature, the internal resis 
tance value of the secondary battery 10, and the outside air 
temperature. The controller 2 then determines whether the 
currently selected mode is the “charging mode' or the "dis 
charging mode” (step S116). 
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0076. If the currently selected mode is “charging mode.” 
(“charging mode” at step S116), the controller 2 calculates 
the derated electrical power (charging mode) by multiplying 
the charging electrical power limit WIN corresponding to the 
current SOC by the derating constant C. (step S118). The 
controller 2 then limits the continuous charging/discharging 
electrical power (provisional value) so as not to exceed the 
calculated derated electrical power (charging mode), and 
determines the continuous charging electrical power #WIN as 
the value after that limiting (step S120). 
0077. If the currently selected mode is “discharging 
mode.” (“discharging mode” at step S116), the controller 2 
calculates the derated electrical power (discharging mode) by 
multiplying the charging electrical power limit WOUT cor 
responding to the current SOC by the derating constant C. 
(step S122). As an example, the derating constant C. is taken as 
0.5 or the like. 
0078. The controller 2 then limits the continuous charg 
ing/discharging electrical power (provisional value) so as not 
to exceed the calculated derated electrical power (discharging 
mode), and determines the continuous discharging electrical 
power #WOUT as the value after that limiting (step S124). 
0079 If the battery temperature is at or above the mini 
mum operating temperature (NO at step S102), the controller 
2 determines that a continuous charging/discharging request 
for the secondary battery 10 does not exist and sets the con 
tinuous charging/discharging electrical power as Zero (step 
S126). 
0080. After setting the continuous charging/discharging 
electrical power (continuous charging electrical power #WIN 
or continuous discharging electrical power output if WOUT) 
at steps S120, S124, and S126, the controller 2 creates a final 
command, by adding, to a request in accordance to an opera 
tion by the driver, a request by the continuous charging/ 
discharging electrical power, and issues the command to the 
power control unit PCU and the engine ENG (step S128). 
0081. After the above the controller 2 repeats execution of 
the above-described process sequentially or at a prescribed 
interval. 
0082 In the above-described flowchart, although the 
example given is one in which the derating constant C. is a 
fixed value, there is no restriction to this, and derating con 
stant C. may change in response to a time needed to raise the 
temperature of the secondary battery 10 predicted from dif 
ference in temperature between the temperature of the sec 
ondary battery 10 and the minimum operating temperature, 
and the outside air temperature, this being duration time of 
discharging. 
0083. Also, in the above-described flowchart although the 
example given is one in which, regardless of whether the 
mode is the charging mode or the discharging mode, the 
continuous charging/discharging electrical power (provi 
sional value) is uniformly calculated (step S 114), alterna 
tively the continuous charging electrical power (provisional 
value) or continuous discharging electrical power (provi 
sional value) may be independently calculated for the charg 
ing and discharging modes, respectively. 
I0084 FIG. 6A, FIG. 6B, and FIG. 6C show examples of 
the time waveforms at various time points accompanying a 
rise in temperature for the case in which the derating constant 
C=1. 
0085 FIG. 6A shows the change in battery temperature of 
the secondary battery 10 over time. FIG. 6B shows the change 
in the SOC of the secondary battery 10 over time. 

Jun. 24, 2010 

I0086 FIG. 6C shows the change in the charging/discharg 
ing electrical power of the secondary battery 10 over time. As 
shown in FIG. 6A, when, for example, the ignition is turned 
on, if the temperature of the secondary battery 10 is below the 
minimum operating temperature, the controller 2 starts rais 
ing the temperature of the secondary battery 10. 
I0087 As shown in FIG. 6B, when the ignition is turned on, 
the controller 2 supplies the secondary battery 10 with the 
continuous charging electrical power #WIN with the accept 
able limit of the SOC thereof, to start charging (charging 
mode). After that, when the SOC of the secondary battery 10 
exceeds to the SOC upper limit value, the controller 2 transi 
tions to the discharging mode, and causes discharging of the 
continuous discharging power #WOUT from the secondary 
battery 10. After that, the controller 2 alternates between the 
charging mode and the discharging mode, to maintain the 
SOC of the secondary battery 10 within the SOC allowable 
limit, while raising the temperature of the secondary battery 
10 to the minimum operating temperature. 
0088. As shown in FIG. 6C, in the case in which the 
derating constant C. is 1, that is, if the continuous charging/ 
discharging electrical power is allowed up to the charging/ 
discharging electrical power limit at the current point in time 
(charging electrical power limit WIN or discharging electrical 
power limit WOUT), a charging/discharging electrical power 
coinciding with the charging/discharging electrical power 
limit is generated at the secondary battery 10. For this reason, 
there are cases in which, as described above, the secondary 
battery 10 exhibits an excessive variation in voltage. 
I0089 FIG. 7A, FIG. 7B, and FIG. 7C show examples of 
the time waveforms at various locations accompanying a rise 
in temperature for the case in which the derating constant 
C=O.5. 
0090 FIG. 7A shows the change in battery temperature of 
the secondary battery 10 overtime. FIG.7B shows the change 
in the SOC of the secondary battery 10 over time. 
0091 FIG.7C shows the change in the charging/discharg 
ing electrical power of the secondary battery 10 over time. As 
shown in FIG.7A and FIG.7B, similar to the cases of FIG.6A 
and FIG. 6B, at the point in time, for example, when the 
ignition is turned on, if the battery temperature of the second 
ary battery 10 is below the minimum operating temperature, 
the controller 2 starts raising the temperature of the secondary 
battery 10 while maintaining the SOC of the secondary bat 
tery 10 within the SOC allowable limit. 
0092. In FIG. 7C, because the derating constant C. is 0.5, 
the continuous charging/discharging electrical power of the 
secondary battery 10 (continuous charging electrical power 
#WIN or continuous discharging electrical power #WOUT) 
is limited to 50% of the charging/discharging electrical power 
limit (charging electrical power limit WIN or discharging 
electrical power limit WOUT) at the current point in time. As 
a result, because the value of current flowing in the secondary 
battery 10 decreases, the polarization action at the electrode 
part is inhibited, and it is possible to avoid an excessive 
voltage variation in the secondary battery 10. Thus, even if 
there is a continuous charging/discharging request for the 
secondary battery 10, Such as when raising the temperature of 
the secondary battery 10, the running performance of the 
vehicle 100 is not caused to deteriorate. 
0093. Furthermore, because the charging/discharging 
electrical power with respect to the secondary battery 10 is 
reduced from the charging/discharging electrical power limit 
to the continuous charging/discharging electrical power, the 
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time for raising the temperature (continuous discharging time 
of the secondary battery 10) is long compared to the case of 
FIGS. 6A, 6B, 6C. However, with regard to the degree of 
polarization action occurring in the secondary battery 10, 
because the effect of reducing the current flowing in the 
electrodes is greater, compared with the case of FIG. 6A, 6B, 
6C there is a reduction in the polarization action. For this 
reason, it is possible to inhibit variation in the voltage of the 
secondary battery 10. 
0094. Although in this embodiment of the present inven 
tion it is possible to implement an “electrical generating 
means” and a “loading means” by the motor generators MG1 
and MG2, in many instances the motor generator MG1 imple 
ments an "electrical generating means, and the motor gen 
erator MG2 implements a “loading means.” The controller 2 
implements a judging means.” a “determining means, a 
“controlling means,” a “battery temperature acquisition 
means, and a SOC acquisition means.” 
0095 According to this embodiment of the present inven 

tion, the continuous charging/discharging electrical power is 
determined to be Smaller than the charging/discharging elec 
trical power limit in the case in which there is a continuous 
charging/discharging request for the secondary battery 10, 
Such as when raising the temperature of the secondary battery 
early on a winter morning or in a cold region. Also, because 
the secondary battery is continuously charged and discharged 
with this determined continuous charging/discharging elec 
trical power, compared to the case in which continuous charg 
ing/discharging is done with the charging/discharging elec 
trical power limit, it is possible to inhibit the polarization 
action occurring in the secondary battery. For this reason, 
when the secondary battery is continuously charged and dis 
charged, it is possible to reduce the excessive variation in 
Voltage of the secondary battery due to the polarization. 
0096. It is therefore possible to inhibit the affect of an 
excessive Voltage variation on an inverter or electrical motor, 
and to achieve stable running performance on early winter 
mornings and in cold regions. 
0097 Although this embodiment of the present invention 
was described for the example of a hybrid vehicle in which a 
secondary battery according to the present invention is 
installed, the present invention is not limited to a hybrid 
vehicle, and application thereof may be made to a system 
having a secondary battery and having also an electrical gen 
erating means and a loading means. As one example, appli 
cation is possible to a fuel cell vehicle aboard which a fuel cell 
is installed. 
0098. While the invention has been described with refer 
ence to the embodiments, it is to be understood that the 
invention is not limited to the example embodiments. The 
scope of the present invention is not defined by the description 
thereof, but rather by the following claims, and includes any 
changes, modifications, improvements and/or equivalent 
arrangements, which occur to those skilled in the art without 
departing from the scope of the invention. 

1. (canceled) 
2. The charging/discharging controller for a secondary bat 

tery according to claim 5 wherein the setting apparatus sets 
the limited charging/discharging electrical power to a value 
that is equal to or less thana value obtained by multiplying the 
limited charging/discharging electrical power by a prescribed 
derating constant. 

3. The charging/discharging controller for a secondary bat 
tery according to claim 5, further comprising a battery tem 
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perature acquisition apparatus for acquiring a battery tem 
perature for the secondary battery, wherein the determining 
apparatus determines that the request for continuous charg 
ing/discharging exists if the battery temperature acquired by 
the battery temperature acquisition apparatus is below a pre 
scribed value. 

4. The charging/discharging controller for a secondary bat 
tery according to claim 5 further comprising: 

a state of charge (SOC) acquisition apparatus for acquiring 
the state of charge of the secondary battery; and 

a charging/discharging Switching apparatus for deciding 
whether to execute charging or discharging of the sec 
ondary battery so that the state of charge acquired by the 
state of charge acquisition apparatus is within an accept 
able range, 

wherein the setting apparatus sets a continuous charging 
electrical power for continuously charging the second 
ary battery, or a continuous discharging electrical power 
for continuously discharging the secondary battery 
according to charging or discharging as decided by the 
charging/discharging Switching apparatus. 

5. A charging/discharging controller for a secondary bat 
tery in a system comprising: 

a determining apparatus that determines whether a request 
for continuous charging/discharging for a rechargeable 
secondary battery exists based on the information that 
the temperature of the secondary battery is below a 
minimum operating temperature; 

a setting apparatus that sets a continuous charging/dis 
charging electrical powerfor continuously charging/dis 
charging the secondary battery within a range Smaller 
than the limited charging/discharging electrical power to 
be determined according to a battery condition of the 
secondary battery at each point in time; and 

a controller that controls at least one of a power generated 
by an electric generator, which is connected to the sec 
ondary battery to generate electrical power, and a power 
consumed by a loading apparatus, which is connected to 
the secondary battery to consume electrical power, so 
that the electrical power charging/discharging the sec 
ondary battery is the continuous charging/discharging 
electrical power set by the setting apparatus, when the 
request for continuous charging/discharging is deter 
mined to exist by the determining apparatus. 

6. A method of controlling charging/discharging of a sec 
ondary battery in a system, comprising the steps of: 

determining whether a request for continuous charging/ 
discharging for a rechargeable secondary battery exists 
based on the information that the temperature of the 
secondary battery is below a minimum operating tem 
perature; 

setting a continuous charging/discharging electrical power 
for continuously charging/discharging the secondary 
battery within a range Smaller than the limited charging/ 
discharging electrical power to be determined according 
to a battery condition of the secondary battery at each 
point in time; and 

controlling at least one of a power generated by an electric 
generating apparatus, which is connected to the second 
ary battery to generate electrical power, and a power 
consumed by a loading apparatus, which is connected to 
the secondary battery to consume electrical power, so 
that the electrical power charging/discharging the sec 
ondary battery is the continuous charging/discharging 
electrical power set by the setting step, when the request 
for continuous charging/discharging is determined to 
exist. 


